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THE MISSIONS
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(video):
gov/sites/default/files/videos/original/12663 ICESat2 Height.mp4
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The ICESat-2 Satellite uses an

onboard laser altimeter system to
measure the height of our planet,
including trees.
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ICESat-2

ICESat-2 By The Numbers (video):

https://licesat-2.gsfc.nasa.gov/sites/default/files/videos/original/12768 _300Trillion.mp4
NASA Ror o/
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“May the Forest be with Youl”

This fall, the International Space Station is
nosting a new scientific mission....

Sponsored by: @ Supported by: 1, ‘ @ é) implemented by: 3% [ JCAR
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The Global Ecosystem Dynamics Investigation (GEDi) on ISS

Launched December 5, 2018
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WHAT IS GLOBE
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Earth as a
System

GLOBE by the Numbers

121

35,374
36,344
147,964
168,590,596
38,251

Countries

Schools

Teachers

GLOBE Observers
Measurements
Measurements this month

View GLOBE Countries >

#GLOBE23

Biosphere
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THE CAMPAIGN
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Trees Around the GLOBE
Student Research Campaign

The Trees Around the GLOBE Campaign began on

September 15, 20°

|ICESat-2 satellite

8 In conjunction with NASA's
aunch on the same date at

6:02am PDT. This campaign is a student research

campaign focusing

on tree height - one of the

measurements conducted by the ICESat-2
mission. We also
Greenings protocols.

focus on Land Cover and
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The Tools — Clinometers and
Tape Measure

Left is the GLOBE Program’s Paper Clinometer
Right is a store-bought plastic clinometer
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Guiding Investigative Questions for Data Collection
and Research

*Where are trees growing and why are they there?
*What can measuring tree height tell us about our local ecosystem?

*What is the relationship between tree height and land cover?

*What are the tools for measuring trees and
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Campaign Metrics since 9/15/18

6,500+ Tree Height Measurements
6,400+ Green Up/Green Down Measurements
5,500+ Land Cover Measurements

11 webinars (10 campaign specific, 1 FB Live)
505 direct participants from 26 countries
22 blogs with 16,000+ views
62 uploaded documents
4 1VSS Projects related to campaign
TREES AROUND THE GLOBE STUDENT RESEARCH CAMPAIGN

https://www.globe.gov/web/trees-around-the-globe



https://www.globe.gov/web/trees-around-the-globe/overview
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Student Share Time

Tree Height Measurements
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https://www.globe.gov/web/trees-around-the-globe/overview

Some guidelines for choosing trees to measure:

1. Trees measured should be at least 5m (16.4ft) tall;
2. Trees measured should be isolated trees or the tallest trees in a large grouping of



https://www.globe.gov/web/trees-around-the-globe/overview
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THE CITIZEN
SCIENCE TREES
TOOL
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GLOBE

Observer

observer.globe.gov

NASA GLOBE Observer Trees Tool Promo (Video)
https://www.youtube.com/watch?v=uc11s190idQ
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The Tools — Mobile Device and
Tape Measure
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NASA Trees (Tree Height)

http://observer.globe.gov
Released March 26, 2019



http://observer.globe.gov/
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A Few Screen Shots

9:28 AM 79 100% .

: Benefits
(.. GLOBE
y o bserver Recording tree height can help:

Choose your protocol: Track how trees are changing over time, and can help
estimate the number of trees that make up an area.

Serve as a step to help scientists and researchers
understand how trees help us balance Earth's carbon
budget.

¥
-

L]

NASA has many satellites, airborne missions, and
instruments, like ICESat-2, GEDI, G-LiHT, and others that
measure Earth’s height from space, including tree height.
Citizen Science tree height observations provide useful
data for scientists to compare to what the satellites,
airborne missions, and instruments are observing.

Record the height of trees in as many places you would
like and scientists can use that information to improve
their accuracy.

b

) (Notiication| | MyMap Help

\ /

Visit the Website la\
(A

NASA 1‘&?’[\«%

. AT&T = 9:28 AM

Review / Send My
Trees Observations

Where to Observe?

See My Data

#GLOBE23

Location

Remain standing at the base of the tree,
while your location is recorded.

Latitude: 34.1464
Longitude: -118.1325

Use 2 fingers to move map

Map 200 m
THEHRE

ESTIMATED ACCURACY.
Location accuracy is important -- and should
improve as you wait. If possible, accuracy
should be under 170 feet. You may also
drag the map to refine your location.

Measure Angle to
your Starting Position
(optional)

Enter Tree
Characteristics
(optional)

Skip and Review Data

OB~ 00 -

S (2




Tutorial Tutorial

Tutorial

#GLOBE23

Before using the Trees app, we ask that you take a
few minutes to learn how to measure and catalog
trees.

Things to consider when selecting a tree

Selecting a Tree
When selecting a tree, try to find one that is

straight, and that you will be able to clearly and
safely see the top.

desired

The tree should be over 5§ meters (15 feet) tall.

When possible, take measurements of isolated
trees.

Next If trees are in a grouping, take measurements of the

tallest tree in that group.

Next Next

oo ~=2 00 " oo DIC

-~

Tutorial Tutorial Tutorial

You can use the comments box at the end of your
observation 10 tell us more about the tree or site if

Finding the best viewing distance

You will need to find a location where you can
clearly see the base and top of the tree ~ and can
walk in a straight line to the base.

We recommend a distance of 7 to 25 meters (25 to
75 feet).

-———
25 to 75 feet

Next

Tutorial

Measuring Angles

Holding the phone at eye level, you will measure
the angle to the base of the tree.

Next

>
-~

Tutorial

Photograph

You will then be prompted to photograph your tree.
Touch anywhere to capture your image.

Next

oo I

Tutorial

Walk to the Tree -- Counting Steps

Using a natural stride, walk to the base of the tree,
‘counting your steps.

The app will prompt you to enter that number. (It's
okay to input fractional numbers like 10.5 steps)

-~

Tutorial Complete

Check your Location

Look up to be sure you are standing under the
highest point of the tree. If the tallest point you
measured is not at the base, you may need to
select a different tree.

Measure your location Success!

While standing next to the tree, the app will prompt
you 10 take a location measurement.

Combining all of these measurements, we can
estimate the tree’s height

your tree's
(optional)

Wrap a tape measure around the tree about 4 feet 5
inches from the base (about chest height).

Measure the circumference (the distance around)
the tree’s trunk. Then enter the measurement into
the 2pp.

afeet
S inches

In your last step, we will show you a summary of
your observation, allow you to make adjustments if
needed, and add comments. Once you are satisfied,
select “finish” and the cbservation will be saved 1o
your phone.

On the final screen, click “send observations now”
o do a final review and submit the data to GLOBE
You can also see a map showing all of your tree
observations.

Your observation is complete

)

The tree height measured with this app is
calculated using the basic geometry of triangles.
The angles measured and the length of your steps
all contribute 10 errors which can impact accuracy.
Careful observations should lead 10 results that are
accurate to about 10% or better. Don't be surprised
if the tree height is not the same over multiple
measurements.

Leam more about the calculations ysed with this
100,

Improving Accuracy
We also give you an option to improve the accuracy
of the after each by

modifying the data entered. For example, instead of
counting steps, you could use a tape measure 10
get an exact distance to the tree or 10 record your
phone’s height. You could also double check your
stride length (the distance from the back of your
heel 10 the tip of your toe while you walk). You
could hold your phone on a tripod to very accurately
measure angles.

Congratulations!
You've earned your Tree Observer Badge.

That's all you need to know for measuring Tree
Height! Thank you for taking the time to learn - now
start measuring trees!

If youd like to learn more, visit the GLOBE Observer
website.

If you still have any questions, contact us.

Next
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What Kind of Tree Height Data Do The ICESat-2 Scientists Want?

satellite.

.. , ‘.":\'- u.,_"‘m“m*’.r .‘_ iy s A \
T RPN Y o A

Shallow water bathymetry

Each dot represents a photon that has left the
satellite, bounced off the Earth and returned to the

Note the density of the photon data the make up

K ‘ the profiles of the trees. This density allows for a
% WA more accurate height measurement.
: b v ‘

ICESat-2 scientists want clusters of tree heights that
overlap with ICESat-2 measurements. |,

cean

Our Ultimate Goal is to Compare the Satellite Tree Height Data to the
GLOBE Student and NASA GO Tree Height Data
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ATLOS Elevation Along Track

PHOTON DATA FOR SEGMENT 231589
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Shumate Middle School / ICESat-2 - Tree Height Comparisons

SHUMATE

MIDDLE SCHOOL

This ressarch study was conducted by Shumate Mddie School studerts
Liyanan Denigan (Sidh Grade). Thomas Hamiion (Eignen Gradel, and
Brady Jaskuls (Seversh Grade). Shumate Middle Schoct (Glbvaliar Schoot
District) s iceated in Glbvakar, Michigan (Uniled States of Amarca). For this
PIOUOCL we chose ¥ mwasure the iree height of varcus Wees fund on the
Shumate Midde School campus. Our gos was 10 COMParm o Sverags ee
height messurements 1 the tree height messurements token by NASA's
ICESe-2 satelite. Our typothess kor this project is we belleve that the ouwr
Moo height measuremants wil be tote 1o the ie halght measurements
taken by the ICESat-2 satelite, and vary by no more than 1 maeser n length
We colected free height data Fom Septomber 2018 thecugh March 2019, AR
dats was ugronded 1o e GLOBE Program s wabsiie. and shared with warious
wchributs from around e workd. Howsrer, 0ur group wars not sbie 10 compare
Ut sversge Fne height mesturements to el of P ICESet-2 swielite 39 the
ICESa6-2 data was not readly avalabie 3t $he time of #3s report. Plaase anjy
a e height measurements takon by cur research taam

Research Question

Our research team decided to meature the haghts of varous trees 1ound on
e Shumats Mddie Campus for ths snviormentsl study. Last yeur, group
memters Thomas Mamiton snd Beady Jsbuda were involved n & GLOBE
Program bee heght messiog piod program ot Shumels Midde School To
Buld upon the work staned st yedr, 0ur Qrouwp deckded 10 continue ideraifying
and measrng roes O ow camgus and to help catrale e receatly
Bunchad NASA ICESAL2 satelite. WIth T in mind we developed our
e b quesion How close are (he average iree Aeight messurements
taken at Shumate Middle Schoo! in comparison fo the free height
measuroments taken by the ICESal-2 satelite ?

Intr ion

Acoonsing to the GLOBE Program's Blamaetry - Graminaids, Trae Heght and
Sreubs irsining module. it s mporant 10 messire ress 5% this slows Us 1o
Wiamsn varcis Bed Cove on aur et

Hypothevs.

We belleve our average ¥oe height measurements wil align clasely % the
mestutements ke by the ICESs-2 sotelite and vary by no more Ban 1
mwter in beegh 11 s 0ut belied Pl our messuremants wil b accurate oy we
hove good took and lechmology needed fo ke accurse and preche
meatucements

We would lie 10 spply for the foliowng GLOBE Innatonal Vidued Scarce
Sympcsum Badges
* Collabarator - Durng our rusearch, we connectsd with M. Brian Camgel!
[NASA and The GLOBE Program). We discussed how 1o take acourate
Wee heigt memutements. We dso decmsed how o e height
mussurements help cuibrate e ICESat-2 satelite
Make an kmpact - We hope thal NASA wil utiize our twe height
measurements % help callbrate the ICESa.2 satelte. Addtionaly. durg
our measwement camgaign, O group shared cur Wee  haight
moasurement best practices dunng a December 3, 2018 GLOBE wabinar
calied T he $ < tistrey
e Luce Lyve From Swumste Mde Scheal i Ghraks.
. We hope that o schools wil e Fom our methods.

Lilyannah Dunigan, Thomas Hamilton, Brady Jaskula

Shumate Middle School - Gibraltar School District
Gibraltar, Michigan (United States of America)

Research Methods

Study Sae
Shumate Middle School - Gibratar, Michigan (United States of America)
Latitude 42 085501, L -$3.21121, Ehevation 176 7m

Data Tabie - ANl Tree Height Data Coflected

pon o g
n R bl e ——

@ THEGLOBEPROGRAM

bl Lparmag ang Bservatnns 12 Beards the Ereranmernt

Ovarsdl. we bukeve that our stidy want web despiie the fact Pist we couldl not
compars cur data % ICESE 2. Our group was atle 35 measure 14 trees on
our campus. We are aiso happy that cur individual Yee measurements did not
viry Tt much fom each cther. This loads us o belve that our
MeasETIOY WAt SOOI

Our group wes unable 10 fnd & schoot for compannon purposss for our study
As prevcusy stated. Te ICESa2 satelils ee height data & not readly
available e public use (B, Camgbell parsanad communication, March 25
2019). Our group can access tree height data coliected by Clizen Scientsts
Via e GLOBE Program's websile. However. simitr 1 our curment situstion
we would mol be sble 1o view 8 comparmon of sverage fres height
messuremmrts (ground-tnstang) colected by scentists 10 the ee et
measurements taken by ICESat.2

Our research Jeam inends 3 contnue Our research far e remainder of e
2chool year and Sroughont the summer, We have tac goals thal we'd ke 1o
socompish Frst when svaistie, we'd Ihe 1o compers our messursments o
hose taken by the ICESat-2 satelite. Again, fhis wil ba'p Us determine if we
ore iaking accursle messuremerts. Secondy, we plan 1o use e GLOBE
Otmorve app and o now Trees maasuring program. We wil cortinue o take
Maasurements usng e Clnometer, Kamelon 00 101 12pe Maasure. and the
Stariey tape meaure.  Mowever, we wil Use S GLOBE Observer app 1
heip varily the noturacy of our messsurements

I conchusion. we wers Gnoble 10 determine i cur hypotwan wos comect &%
e ICESel-2 dets wen unaveriabie  Had the ICESe1-2 datn been readily
avatable. 0wt group woukd harve included this i e ICESel-2 Henht (Meters)
cokamm of cur duts Inble (see Daty Tatie 1) We would have siso calciated
e Aflarence Detwesn o Bverane Yes hulght and the ICESat.2 data. Again.
43 Information would have been provide i $he data tablke. To make uie of
Gaa we compared Mo average e heit measuremants of he varkas
Tees wn messred on e Stumste Made School compus  AddBonaly we
fournd ot that mukerry i locus! rses 38 COMTTON 0N Ot CAMEN

To prepare this research report, our team had (o stop Whing average Yee
Pesght mmsmrnments o the sed of March 2010, We wan we would heve
been abie 1o idertily the uninown Irees snd indude more ¥ee heght
reamurmmanty o i Wy

IGESat®
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Talking Points, with your students, why measuring
tree height is important

Tree height allows you to track the growth of trees over time
Tree height is the most widely used indicator of a ecosystem’s ability to grow trees
Tree height allows NASA scientists to understand the gain or loss of biomass which can

inform calculations of the carbon that trees and forests either take in from or release into the
atmosphere.

NASA GLOBE Observer Tree height data can serve as a source of data comparison for the
ICESat-2 satellite.

ICESat-2 utilizes an onboard laser altimeter system to measure the height of our planet, one

photon at a time. The technology of ICESat-2 can measure the height of trees all around our
planet.
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Resources

ICESat-2 Website - http://icesat-2.gsfc.nasa.gov/

|ICESat-2 on Facebook — https://www.facebook.com/ICESat?2

GEDI Mission - https://gedi.umd.edu/

Trees Campaign - https://www.globe.gov/web/trees-around-the-globe

NASA GLOBE Observer - http://observer.globe.gov



http://icesat-2.gsfc.nasa.gov/
https://www.facebook.com/ICESat2
https://gedi.umd.edu/
http://observer.globe.gov/
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CONTACT INFORMATION

Brian Campbell

|ICESat-2 Mission Team
Trees Science Lead
Trees Around the GLOBE Campaign Lead

NASA Wallops Flight Facility
Wallops Island, Virginia USA

Brian.A.Campbell@nasa.gov




